Abstract-An identification of the principal design factors that influence the technical performance of a parabolic trough concentrator and which relate directly to design and manufacturing decisions is presented. These factors include spectraldirectional reflectivity of the mirror system, the mirror-receiver tube intercept factor, the incident angle modifier and absorptivity-transmissivity product of the receiver tube and cover tube, the end loss factor and a factor describing the effect of tracking errors and receiver tube misalignment. Each of these factors has been quantified in terms of design and manufacturing tolerances and associated performance degradation. Other design considerations that relate to thermal loss from the receiver tube are low emissivity coatings, evacuation and anti-reflection coating.
The results show that for a 10 y; period of investment, the current metered breakeven costs are less than $7.00 ner lo6 BTU at all locations for a collector havine a total installed cost of $15.79 ft-r ($170.00 m-r). II which-includes manufacturing and installation (Sll.SO), foundations, and controls ($1.50) and auxiliary system ($2.79). For a 15 yr period of investment the corresponding fuel costs are less than $4.00 per lo6 BTU at all locations.
For a total installed collector cost of $22.79 ft-' ($245 m-2). the break even metered fuel cost is less than $9.00 per 10" BTU at all locations, also for a 1Oyr period of investment. Other conditions are evaluated.
The analysis is general which permits other circumstances to be evaluated. Pin? mirror reflectance (1) .
INTRODUCTION
THE CONCENTRATION of solar radiation by reflection (mirrors) or refraction (lenses) on the receiver of a thermal conversion system, has the distinct thermodynamic advantage of reducing the thermal losses in the conversion process in relation to the useful thermal gain in comparison with non-concentrating systems (flat plate coliectors). This results in an increased thermal conversion efficiency for a specified set of operating conditions and allows for the production of higher operating temperatures at acceptable conversion efficiencies. An increased conversion efficiency improves the economic performance of the system and higher operating temperatures (in comparison with those obtained by flat plate collectors) allows concentrating systems to be used in a wide variety of industrial process heat applications. Concentrating collectors include the compound parabolic concentrator (CPC) with a concentration ratio (CR) range 2-10, the parabolic trough concentrator (CR from 10-100) and the parabolic dish concentrator (CR from lOO.-3000). The heliostat mirror system of the central tower receiver is, in principle, a special form of parabolic dish. Apart from the CPC, which can accept diffuse radiation, a concentrating collector can utilize only the direct, or beam, component of solar radiation and is arranged such that its aperture is facing in the direction of the sun as closely as possible, i.e. it tracks the sun. On a clear day the beam component represents SO-907" of the total solar radiation. The actual concentration of solar radiation is limited in a given system by the dispersion of the radiation created by the finite size of the solar disc. At the mean sun earth distance, the sun subtends an angle of 9 mrad, thus fixing a lower limit to the size of the receiver and an upper limit on the concentration ratio. Other practical considerations such as reflector uniformity, receiver misalignment, tracking errors and optical end losses further limit the degree of concentration that is possible.
The market potential for industrial application of solar concentrators (thermal and photovoltaic) is considerable. In the United States approximately 2OY, of the total thermal energy useage is in the range of temperatures 100-300°C (212-572 'F). In 1980 this represented an energy consumption of about 16 quads (16 x 10 ls BTU). To provide for this using solar concentrators would require a total aperature area of approximately 48 x IO9 ft' (4.5 x 10' m'). At the present time the total installed area ofconcentrators is less than lo6 ft' (93 x 10" m2). Hence, the challenge and opportunity for this type of solar application is evident. The purpose of this paper is to discuss some of the important design parameters and present an economic projection for parabolic trough concentrators in the United States. The results can be extended to other regions of the world. A recent summary of this technology, including high temperature storage, has been published by Kreith, Castle and Wyman [l] . The SANDIA laboratories at Albuquerque, New Mexico, have done extensive work on the development of engineering prototype parabolic troughs. A detailed analysis of the manufacturi~lg costs of a parabolic trough concentrator for both high and low volume production has been completed [Z] .
A photograph of a typical parabolic trough concentrator is shown in Fig. 1 and its application to an industrial process, with the associated auxiliary equipment and conventional supply system is shown in Fig. 2 .
DESIGN AND MANUFACTURING PARAMETERS THAT INFLUENCE THERMAL AND ECONOMIC PERFORMANCE
The economic performance of a parabolic trough concentrator is directly related to its annual thermal performance. The thermal performance, measured in terms of the quantity of useful energy obtained annually from the concentrator by solar conversion, is in turn determined by certain critical design parameters and manufacturing process selections. Accordingly, for a comprehensive design study to be conducted and an effective manufacturing system to be identified, it is essential that an understanding be obtained regarding these design parameters and their influence on the thermal performance, and, ultimately the economic performance of the concentrator. The following development will be a summary of the principal results of 
Thermal ejiciency of a concentrator 4x
As a figure of merit, the thermal efficiency of a concentrator is defined as follows :
where the useful energy q, is the difference between the energy absorbed at the receiver tube, qA, and the energy loss at the receiver, q,,. Hence, qUseful energy produced 
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As a practical matter for large coolant flows, F, will be in the range 0.8-0.9. However, the actual value for F, in a given design will depend on Do, the choice of which is a trade-off between minimizing thermal losses from the receiver (proportional to Do) and maximizing the interception of reflected radiation from the mirror by the receiver tube. These processes are influenced by the receiver-tube-mirror intercept factor, which is discussed below in connection with the optical efficiency 'lo of the system.
The optical efficiency q. is a principal design parameter whose magnitude is determined by the values of six other independent parameters. This quantity is written [4] Each of the six parameters p,, F,, K,, (a~),, F, and F, will be discussed and their significance to design and manufacturing will be presented.
The mirror rq%ctivity, p,(O). The reflectivity of the mirror, p,(O), is the fraction of the incident radiation that is reflected from the mirror system. The magnitude of p,(e) will depend on the nature of the mirror system, that is, whether it consists of glass with a reflective metal coating on the second surface, an acrylic coated film, a polished metal surface, etc. In the case of a glass, second surface mirror reflector p,(B) will be influenced by reflection from both the air-glass interface and the glass-metal interface as well as by optical absorption within the glass. Because absorption is the consequence of two light passes through the glass and the optical absorptivity of the glass, the mirror system should be constructed of glass that is thin as possible (0.040-0.200 in) and that contains very small quantities of iron, the principal impurity causing absorption. The reflectivity of the metal surface that forms the mirror should be as high as possible, approx. 0.90-0.95.
The magnitude of the reflectivity is also a function of the angle of incidence B on the mirror surface and the angle of reflection. In general, an ideal situation is one in which the angle of incidence and angle of reflection on the mirror are the same. However, owing to the finite size of the sun, which causes a spread in the incident radiation, and both geometric and optical imperfections in the mirror system there will always be some dispersion of the reflected beam from the reflector. Material selection of the mirror system and the precision of its manufacture should be such as to minimize this beam dispersion.
Mirror-receiver tube intercept factor, F,,,(+ ,, $2, A,, 4). Because the sun has finite size, its incident radiation of the collector aperture possesses a small (approx. 9 mrad)conical beam spread of angle 21c/,. Further, the mirror surface itself will have a local surface curvature different from that of a perfect parabola of revolution. This is a consequence of imperfections in the manufacturing process which produce what are known as slope errors in the parabolic surface. Such errors must be made small and for a particular design should be known. The effect of both solar beam spread and mirror slope errors is to cause an additional dispersion in the reflected beam. Hence, at the receiver tube the reflected energy is spread over a finite angle rather than focused along a line as would be obtained from a point source reflecting from a perfect parabolic trough. The solar beam spread 2$, is predictable and can be described in terms of a statistical variance (square of the standard deviation of the distribution of the beam spread), defined as &. The effect of mirror surface slope errors, however, is not predictable but must be determined from measurements on an actual surface. One technique is to use a highly collimated laser beam that scans the mirror and measures the deflection angle $i of the reflected beam from the focal line of the mirror. Treadwell [3] describes this method and gives a typical scan which is shown in Fig. 3 . The effect of these surface imperfections is also described in terms of a statistical variance of the deviations of the surface from that a perfect parabola, defined here as 4ai,,. Employing a principle of statistics which asserts that the variance of a system of random variables is the sum of the variances of each variable, the net variance of the solar beam spread and mirror slope errors is written as 0; = 40;, + a;,,.
Further, the beam spread variance at the receiver, at, of the entire collector surface is obtained by integrating these effects over the complete rim angle (2) of the concentrator trough (4). Thus, for an aperture of width w,
The solar beam spread standard deviation is 2.5 mrad and the slope error standard deviation ceL should be such that the beam spread standard deviation oY is less than 7 mrad for a parabolic trough concentrator of high quality. These effects are fundamental to the selection of the size of the receiver tube. The larger the tube diameter, the more reflected radiation it will intercept. However, as the tube diameter is increased the thermal losses will also increase. The final selection of tube diameter is then made on the basis of a trade-off between increased interception of reflected radiation and acceptably where F(a) is the normal distribution function, 1 a
Numerical values for F(a) may be found in mathematical handbooks [5] . These results are employed in one of two ways. First, the fraction of the intercepted radiation (F,) that is desired (range 0.90-0.95) is specified and the corresponding receiver tube diameter that would produce this for the conditions of the mirror-sun (a,) and concentrator geometry is determined. The second way is the inverse of the first. Namely, specifying the tube diameter and from the conditions of the mirror-sun (a,) and the concentrator geometry a determination of n, and thus F(a) is made. The intercept F,($,, ti2, A,, 4) then follows from equation (14) . In this case the value of a for the determination of F(a) is (D,/~)/cJ, K,(8), incident angle modijer and (c (7),,, the absorptivity-transmissivity product at normal incidence of the receiver tube and its glass envelope. From a thermal optical analysis it is found that the net energy absorbed by the receiver tube is proportional to the product of the optical transmissivity, 7, of the glass cover tube over the receiver and the absorptivity of the receiver tube, both within the spectrum of the sun (0.3-2.5 pm). Owing to the physics of the interaction of radiation and solid media, each of these properties (7 and c() is dependent on the angle of incidence (0) of the radiation with the surfaces of the medium. An additional factor is the absorption of radiation within the media, which in this case, is absorption within the glass cover tube. This should be small, a condition obtained by using a thin-walled tube of low iron glass. Both 7 and tl should be as large as practical, though neither can exceed 1.0. To account for the influence of various incident angles on (cc~), a factor known as the incident angle modifier, called K,(B) is determined. The value of (ar) for any angle of incidence, 0, is obtained by the product of K,(B) and the value of (UT), corresponding to radiation incident in a direction normal to the surface. Each of these factors can be determined using physicaloptical theory or they can be measured experimentally. Typical values for t, a and K,, each as a function of the incident angle, are given in Figs. 5 and 6.
End loss factor, FE(J L, w, 0). By the nature of its design a parabolic trough concentrator has open ends. Because of this a certain amount of radiation incident on the aperture does not reflect from the mirror and intercept the receiver tube. To account for this effect, an end loss factor is introduced, which is given [6] as
A collector that is long in relation to its focal length has small end loss, as is the case when energy falls on the aperture at normal incidence. last of the six factors that are important to design and manufacturing considerations and which influence the thermal performance of a concentrator is the tracking and receiver misalignment error. This error results, in general, whenever the receiver tube is displaced from the designed region of focus. Two common causes for this error in displacement are errors in the tracking mechanism, and manufacturing and/or operational misalignment of the receiver tube resulting from sagging or thermal distortion. Of these the tracking error is the more important as manufacturing and assembly tolerances can be realistically maintained to values well within those demanded for thermal performance. In current designs 'stacking' errors of 0.200 in (0.508 cm) are allowed, whereas manufacturing and assembling tolerances can be realistically specified that produce 'stacking' errors of about 0.050in (0.127 cm). The importance of precise tracking capability is shown in Fig. 7 where, for the concentrator shown [7] , a 1" tracking error produces a 20% reduction in the efficiency. The actual tracking error will depend on the system geometry but generally the requirements for precision in tracking will be great, within one or two degrees. Other design considerations. While the discussion above has been directed at important desigmmanufacturing parameters there are others that should be mentioned briefly. The thermal loss from the receiver tube should be made as small as is practical. Considerations bearing on this include a low emissivity (at infra-red wave lengths) of the absorber surface and protection of this surface from convection losses. The latter is accomplished by placing a glass tube around the receiver tube. Evacuating the space between the two tubes and coating the glass tube with an antireflection coating can act to reduce thermal losses significantly. Anti-reflection coating of the receiver tube, for example, can be expected to improve the collector efficiency by approximately 5"/',, making this a highly cost-effective step. To date evacuation of the annulus has not proven satisfactory in field operations.
Finally, the lifetime performance of the various materials used in any particular collector must be taken into account. Durability of the reflector surface is a major factor in this regard, and militates strongly against the use of reflecting surfaces whose performance degrades substantially with time in an open environment or is damaged by a cleaning process.
Energy cost analysis
The utilization of parabolic trough concentrators in the conservation of solar energy for use in industrial processes depends primarily on the economics and costs of the application. The durability, reliability and maintainability of materials, components and systems also are important to the adoption of this technology. However, for industry to utilize this technology it must be expected that these solar systems be capable of producing useful energy at costs below that for competing energy sources. In this section the economics and costs of the parabolic trough concentrator are analyzed in terms of the appropriate financial, physical and production cost parameters.
These parameters include tax incentives, tax credits, cost of conventional (competing) fuel, cost of capital, cost of ownership (taxes), rate of inflation, rate of fuel cost escalation, type of capital borrowing, period of time of borrowing and the discount rate on capital, maintenance costs, total installed costs of the con-
Tracking accuracy factor as a function of pointing angle error [7] .
centrator, including all manufacturing and materials costs, profit and taxes, cost of auxiliary equipment such as heat exchangers, pumps, piping and controls, the conversion efficiencies of collector conventional boiler and energy transmission system, and the geographic location. The cost analysis ma& here includes an evaluation of the total costs over an investment period (life-cycle analysis) as well as the annual cash flow during this period. Each of these representations has its value in the economic evaluation of the concentrator for industrial process heat application. The technical performance characteristics of the concentrator are taken from the work of the Sandia National Laboratories, the Component and Subsystem Development Division, the Small Power Systems Applications Division and the Experimental Systems Operations Division (8) . Although the analysis developed here is general, the results will be applied to the newer designs of parabolic trough concentrators developed in prototype models at Sandia which have significantly improved performance over current production models. It is anticipated these improved prototypes can be manufactured in volume production during the 1980s. The improvements in the design include improved reflectivity of the mirror, more precise mirror shape (small errors in slope), better beam focusing and reduced thermal losses from the receiver. Both north-south and east-west axes (horizontal) orientation, with tracking, can be considered. Results for three more or less representative U.S. locations are given : Albuquerque, New Mexico, Fresno, California and Caribou, Maine. These results are for an east-west orientation and can be modified for north-south orientation with a corresponding 10-20x improvement in performance [8] .
The collector configuration used for these economic calculations is a Sandia design having an aperture 6.56 ft wide (2.0 m), 103 ft long (31.39 m) with a 90" rim angle. The inlet temperature is 500 "F (260°C) and an outlet temperature of approximately 600°F (316°C). The receiver tube has a selective coating and is surrounded by a Pyrex glass tube without evacuation. An anti-reflection coating on the glass cover tube is not included but such a coating would improve the performance by 510%. Evacuation also improves performance but has not proved to be practical in field testing. The effect of shadowing is also not included but this loss can be expected to be compensated by the improvement in performance obtained by the use of anti-reflection coating in future designs. The receiver tube diameter is selected to optimize the performance by minimizing thermal losses while maximimizing beam interception. The exact diameter will vary slightly with location but will be in the range of l&1.5 in (2.54-3.81 cm). The optimum performance is not particularly sensitive to small variations in diameter.
Long term averaged solar and weather data are used to determine the technical performance. The Sandia results cited here have used the Typical Meteorological Year (TMY) data generated by Sandia.
Economic analysis
The collector field, auxiliary equipment, conventional thermal supply system is shown in Fig. 2 . The collector field is described by its total area of aperture, A,, and its total installed cost per unit of aperture area, C,, in dollars per square foot (Sm;'). This cost is determined by a detailed analysis of the materials and manufacturing costs associated with production of the concentrator for various annual volumes of manufacture [2] . These costs include the costs for foundations, controls, profits, taxes, etc., the details of which and the methodology of assessment are given in [2] .
Associated with the collector field is a thermal energy conversion sub-system consisting of pumps, valves, heat exchanger and related structure which is represented in the economic analysis by the cost C,, in S. This cost will vary depending on the specific choices made regarding the total system and its application. For purposes of the present analysis this cost will be related to the total collector aperture area as the quantity &/A,, in dollars per unit area of aperture. Studies [2] have indicated that a value of C,/A, equal to $2.79 ft;' ($30.03 m-') would be an appropriate figure. However, other values can be introduced for different situations.
Also indicated on Fig. 2 is the cost C,, dollars, for the conventional boiler and the total thermal load, L, BTU yr -' (GJ yr -' ), of the combined solar-conventionally fueled plant. Because of the nature of the economic analysis, the cost of the conventional boiler, C,, does not enter explicitly into the economic determinations.
An economic assessment of the parabolic trough concentrator as an energy supply system is made by determining the difference in cost over some period of time between that of a conventional energy supply system and that of the solar concentrator system including its auxiliary equipment and back-up conventional boiler. Hence, where AC = C, -C,,. 
+ F&2 F, (a, t)t -M:,, F, (i, t)t, (19)
where the primed notation represents effective costs, to include the effects ofcertain tax and investment credits. The function F, (x, C) is an escalation function [9] that allows for increases in costs as a result of general inflation (x = i), fuel price escalation (x = a) and variable rate borrowing (x = U) and is given in Table 1 . Subscripts 0 refers to current costs or price levels. Accordingly, it may be shown that the product of the current cost (or price) and the function F,(x, t) is the exact mean value of the cost (or, price) of the commodity or service over the period of time t. Hence, equation (19) is an expression of life-cycle costs written in terms of exact mean values and indexed on the current (thus, known) values with consideration of an assumed rate of increase (x, u, i) over the period t. This formulation is a valid representation of the economic performance for a long term investment in which the cost elements increase according to (I + x)'. In the following development these various costs are assumed to have the escalation rates listed : (i) current capital cost, I& increases at rate, x = t'. (0 = 0 for fixed rate borrowing, the case actually developed here) (ii) current tax rate, Tb, increases at general inflation rate, x = i.
(iii) current fuel price C'r, (at meter), increases at the fuel escalation rate, x = ~a. where a > i, (u -i = 0.05 in this study) (iv) mainten~ce costs, MI,,, increase at general inflation rate, I = i.
The solar system maintenance costs are taken to be proportional to the total plant investment, including auxiliary equipment. Hence, IV;,, = Kb C* (1 + C#z&4,)A,.
Noting that F,L is the annual quantity of useful energy provided by the solar system, this may be written as
With these formulations equation (19) may be written in dimensionless form as (AUrMC,,, _-(??~~~~)~=(Qs/~~)(l -CJF,h f) = ' 
The function F,(x, t) is given in Table 1 for values of x from 0% yr-' to 20% yr-' and time periods of l-30 yr. These ranges should accommodate most practical circumstances.
The economic performance of the parabolic trough concentrator can be determined using equation (22) and its analytical sub-structure to calculate the following economic/cost conditions :
(i) Total return on investment ft* of collector aperture area, AC/A, ($ ft; ', $ mm'), for various periods of investment.
(ii) Breakeven current metered fuel cost, (CFJmin, ($10m6 BTU, $GJ-') for various total installed collector costs, C,, and various periods of investment. puted for an E-W axis orientation. This result compared within 8% of that determined by the Sandia National Laboratories for four current U.S. designs of parabolic trough concentrators [ll, 121. However, in view of the fact that future trough designs will have improved performance and that all costs determined in this study are for production systems that also are expected to be produced by future manufacturing id = 0.13 yr-'
(13% yr-l) t = 5, 10, 15yr
The useful energy obtained annually per ft* of collector aperture, Q,/A,, was also determined on the basis of current trough technology for Albuquerque, New Mexico, using a clear-sky solar irradiation model modified for sunshine fraction. A quantity of 271, 182BTUft-' yr-' (855 kWh me2 yr-') was com- for various economic, geographic and technical conditions that may be given. Because of space limitations results of this determination will not be given.
Breakeven (current) metered fuel cost (C,,l),i,.
A convenient economic criterion for system evaluation is the determination of those circumstances that correspond to equality of life-cycle costs for the conventional and solarconventional systems of the AC equal to zero. Using this criterion and the economic and technical data described, the value of current, metered (hence, known) cost of fuel, (C,,),,,, was determined as a function of total installed collector cost, C,, and various periods of investment up to 15 yr at each of the three locations: Albuquerque, New Mexico, Fresno, California and Caribou, Maine. The results, are given in Figs. 8 and 9 . Superimposed on these results is the range of average fuel costs in the U.S. in 1981 [13] . As may be seen for a 10 yr period of investment a solar concentrator shows economic viability at all locations for an installed collector cost of $13.OOft,* (S140.OOm,*). At a C, of S2O.OOftt* 
, $ft,*yr-'($m;*yrY1).
It should be noted that C,,,,, is a function only of collector cost, C,, for fixed economic and operational conditions and C&,net is a function only of C,() for fixed economic and performance conditions. Hence, under these circumstances any values for C, and C,,, can be used. For the results given here in Fig. 10 the corresponding values for C, and C,(, at breakeven conditions have been used, namely C, = $19.54 ft, * ($210 m,*) and Cpo = $3.36 (lo6 BTU))' (S3.18GJJ') at Albuquerque, New Mexico. The influence of lower collector cost, C,, on producing a positive net return on investment is shown in Fig.  11 , also for Albuquerque, New Mexico, for C, = $9.91 ft,* ($107.00m;*).
CONCLUSIONS
Parabolic trough concentrators for industrial process heat application will become competitive with fossil fuels in most parts of the United States when their total installed costs per unit area of collector aperture, including auxiliary equipment, is $15.79 ft, * ($170.OOm;*) for a 10 yr period of investment under reasonable economic constraints. Recent producibility cost analyses indicate that this cost can be achieved for an advanced prototype concentrator for annual production volumes of 100000 modules, or 51 600000 ft, * yr-' (4 800 000 rn; * yr-'). For a total installed collector cost of $22.79 ft;' ($245.00 m;') these parabolic troughs are competitive with fossil fuels in the western part of the U.S. for a 1Oyr period of investment. Longer periods of investment increases the economic competitiveness of solar concentrators for industrial process heat application.
ANALYSE DES PERFORMANCES TECHNIQUES ET ECONOMIQUES DUN CONCENTRATEUR PARABOLIQUE POUR UNE APPLICATION INDUSTRIELLE DE L'ENERGIE SOLAIRE
R&sumi--On prisente une identification des facteurs principaux qui influencent la performance technique d'un concentrateur parabolique et qui se relient directement ii la conception et a la construction. Ces facteurs incluent la reflectivite spectrale-directionnelle du systdme, le facteur d'interception miroir-recepteur tubulaire, le produit absorptivitbtransmitiviti du tube recepteur et du tube de converture, le facteur de perte d'extremite et un facteur decrivant l'effet d'erreur de poursuite et de mauvais alignement du tube recepteur. Chacun de ces facteurs a ttt quantific en terme de tolerance au dessin et a la fabrication et de degradation de performance. D'autres considerations qui se relient aux per&s the~iqu~ du tube recepteur sont le rev&ement ii basse emissivite et le rev&ement anti-&Iexion.
On developpe l'analyse des coats energetiques. Cette anaiyse determine a la fois la rentabilite, le cot% de l'energie et le cashflow annuel sur une p&iode d'investissement allant de 5 a 15 ans. Les facteurs economiques incluent les taux dint&&t, les coats des systemes auxiliaires, des fondations, des commandes, de l'installation du collecteur, de maintenance, le co& du combustible, du capital, le taux d'inflation. Des determinations dconomiques sont faites a trois sites US: Albtiquique NM, Fresno CA, et Caribou ME en utilisant les caracteristiques de performance thermique du collecteur prototype Sandia. Les cofits du collectem sont ceux determines par une analyse bade sur des volumes de production allant jusqu'a lCO.COO modules (de 48 m*) par an.
Les resultats montrent que pour une p&iode ~nv~tis~~t de 10 ans, le cot% rentable est de 7% par GJ pour tous les sites, pour un collecteur ayant un cot% total installe de 170 S/m', qui inclue la fabrication et f'installation (124 S), fonctions et commandes (16 $) et syst&me auxitiaire (30 S). Pour tme p&ode d'investissement de 15 ans, les coats correspondants de combustible sont inferieurs a 4 $ par GJ pour tousles sites.
Pour un total en coQt de collecteur installe de 245 S/m*, le cotit rentable est inferieur a 9 Spar GJ en tout site, pour la m&me p&iode d'investissement de 10 ans. D'autres conditions sont kialubs. L'analyse est generale et elle perrnet une evaluation en d'autres circonstances.
